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THE SIGNIFICANCE OF XYLELLA FASTIDIOSA TYPE I AND TYPE IV PILI IN BIOFILM 
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ABSTRACT"
S1"M291"*151+0,81*"5M25"5>41"T"28*"5>41"T_"4,/,")C"Xylella fastidiosa"PXfQ"4/2>"1BB185,2/"+)/1B",8"I,)C,/0"*191/)40185<"

I2B1*")8"5M1,+",8*,9,*H2/";)85+,IH5,)8B"5)";1//"2*M1B,)8"28*"0)5,/,5>6""ZH+"+1;185"B5H*,1B"N,5M"-+241"U>/10"B24",8*,;251"

5M25",5"5+,--1+B"5M1"*191/)40185")C"2"0)+1"+)IHB5"28*"B5+H;5H+1*"I,)C,/0"5M28";2HB1*"NM18"5M1"I2;51+,H0",B"-+)N8",8"

=3%"01*,H06""D1//"9,2I,/,5>",8"5M1"Xf";1//"025+,U"BM)N1*"5M1",851+,)+")C"I,)C,/0B"5)";)852,8"2"M,-M"/191/")C"*12*";1//B"

NM1+12B"5M1")H51+"41+,4M1+>";)8B,B5B")C"02,8/>"/,91";1//B6""S1"2/B)"C)H8*"5M25"5M1"B,-82/"0)/1;H/1"3:V",8M,I,5B"

5N,5;M,8-"0)5,/,5>"2B"*)1B"5M1";M10,;2/"B5+1BB)+"73L.6"

"

INTRODUCTION 

E,)C,/0"C)+025,)8",B"+1;)-8,R1*"2B"2"02[)+"9,+H/18;1"C2;5)+")C"Xf<"I1,8-"1BB185,2/"C)+"I2;51+,2/"BH+9,92/"in planta"28*"

*,B12B1"*191/)40185"PJ1N028"15"2/6<"%OO\v"K),*1"15"2/6<"%OO\v"d,"15"2/6<"%OOWQ6""@2,852,8,8-"Xf",8"2U18,;";H/5H+1")91+"

B191+2/"42BB2-1B"-+2*H2//>";M28-1B"5M1"1U4+1BB,)8")C"425M)-18,;,5>"C2;5)+B"28*"/12*B"5)"/)BB")C"9,+H/18;1"P*1":)HR2"15"

2/6<"%OO&Q6""T5"M2B"I118"BM)N8"4+19,)HB/>"5M25"NM18"Xf",B"-+)N8",8"01*,2"5M25"2+1",8518*1*"5)"0,0,;"U>/10"C/H,*"

;M10,B5+>"-+)N5M<"I,)C,/0"C)+025,)8"28*"2--+1-25,)8"2+1"2CC1;51*6""P.8*1+B18"15"2/6<"%OOWQ6""]1+1"N1"BM)N"5M25"

;H/5H+,8-"Xf",8"U>/10"B24",B"0)+1"BH,52I/1"C)+"I,)C,/0"B5H*,1B"5M28"B528*2+*";H/5H+1"01*,2"I+)2*/>"HB1*<"BH;M"2B"=3%"

28*"=S<"-,918",5"18M28;1B"5M1"2*M1B,91";M2+2;51+,B5,;")C"5M1"I2;51+,H0"28*",8*H;1B"2"0)+1"+12/,B5,;"in planta 

4M18)5>416"

"

S1"M291"*10)8B5+251*"5M25"5N)"*,B5,8;5";/2BB1B")C"Xf"4,/,"2+1"2BB);,251*"N,5M"5M1";1//^B"2I,/,5>"5)"0)91",8"-+2419,81"

U>/10"P9,2"5N,5;M,8-"0)5,/,5>Q"28*"5)"C)+0"I,)C,/0B"28*";1//H/2+"2--+1-251B"P@18-<"15"2/6<"%OOev"EH++"28*"]);M"%OOh<"

d,"15"2/6<"%OOWQ6""SM1+12B"N,/*!5>41"Xf",B"2I/1"5)"0)91"2-2,8B5"5M1"5+28B4,+25,)8"B5+120"N,5M,8"-+241"5)";)/)8,R1"9,81B<"

0H5285B"N,5M)H5"5>41"T_"4,/,"N1+1"H82I/1"5)"0)91"P@18-"15"2/6<"%OOeQ6""@H5285B"/2;F,8-"BM)+51+<"5>41"T"4,/,<"0)91*"

C2B51+"5M28"5M1"N,/*!5>41",8*,;25,8-"5M25"5>41"T"4,/,"B1+91"5)"28;M)+"28*"B/)N"0)910185"P31"d2"VH1851"15"2/6<"%OOWIQ6""

LM,B"B;182+,)",B"BH44)+51*"I>"5M1"C2;5"5M25"0H5285B"N,5M")8/>"5>41"T"4,/,"C)+0"I,)C,/0B"5M25"M291"2"0)+1"B4+12*,8-"

4M18)5>41")8"BH+C2;1B"2B";)042+1*"5)"5M1"N,/*!5>41"28*"5)"0H5285"B5+2,8B"5M25"M291")8/>"5>41"T_"4,/,"PEH++"28*"]);M"

%OOh<"d,"15"2/6<"%OOWQ6""E,)C,/0B"C)+01*"I>"5M1"N,/*!5>41"M291"2"*18B1+!24412+,8-"4M18)5>41""28*"5M1+1C)+1"N1"

M>4)5M1B,R1"5M25"5>41"T_"4,/,"CH8;5,)8",8"B1;)8*2+>"B5+H;5H+16""@H5285B"5M25"*)"8)5"4+)*H;1"5>41"T"4,/,"C)+0"I,)C,/0B"5M25"

2+1"B42+B1"IH5"24412+"5)"I1"02*1")C"*18B1";/HB51+B")C";1//B"2-2,8"BH--1B5,8-"2"+)/1"C)+"5>41"T_"4,/,",8";1//!;1//"2552;M0185"

28*"B1;)8*2+>"B5+H;5H+1")C"I,)C,/0B6"

"

LM1"B,-82/"0)/1;H/1"3:V"P3,CCHB,I/1":,-82/"V2;5)+Q"4+)*H;1*"I>"Xf"M2B"I118"+1;185/>",*185,C,1*"28*"BM)N8"5)"I1"

+1XH,+1*"C)+",8B1;5";)/)8,R25,)8"28*"5)"+1*H;1",5B"9,+H/18;1"5)"-+241"P:,0,)825)"15"2/6<"%OOWv"DM2551+[11"15"2/6<"%OO#Q6""

"

OBJECTIVES 

1. .BB1BB"28*"H8*1+B528*"5M1"I,)/)->"28*"+)/1")C"Xf"I,)C,/0B",8"=,1+;1^B"*,B12B16""V)+"5M,B")I[1;5,91<"N1"N,//"I1"

42+5,;H/2+/>",851+1B51*",8'"

26" A8*1+B528*,8-"5M1"*191/)401852/"B52-1B"28*"2+;M,51;5H+1")C"I,)C,/0"C)+025,)86"

I6" 3151+0,81"M)N"5M1"4+1B18;1")C"5>41"T"28*"5>41"T_"4,/,"2CC1;5"I,)C,/0"0)+4M)/)->"28*",851-+,5>6"

;6" .BB1BB"5M1"9,2I,/,5>")C"Xf";1//B"5104)+2//>"28*"B425,2//>",8"I,)C,/0B6"

*6" 3151+0,81"NM15M1+"Xf"B1;+151B"3J.",85)"5M1"1U5+2;1//H/2+"189,+)80185"28*"M)N",5"2CC1;5B"I,)C,/0"0)+4M)/)->"

28*",851-+,5>6"

16" 792/H251"1CC1;5")C"3:V")8"0)5,/,5>"28*"I,)C,/0"+1-H/25,)86 

2." 3151+0,81"M)N"5M1"B52-1")C"I,)C,/0"*191/)40185"28*"B5+H;5H+1"P*1418*185")8"4,/,Q",8C/H18;1"Xf"B18B,5,9,5>"5)"

;M10,;2/"28*"189,+)801852/"B5+1BB1B6"
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3. 3151+0,81"5M1"+)/1")C"5>41"T_"4,/,",8"Xf"H452F1")C"1U5+2;1//H/2+"3J."P825H+2/"5+28BC)+025,)8Q6 

"

RESULTS 

Developmental stages and architecture of biofilm formation. "
SM15M1+")+"8)5"Xf"C)+0B"2"B5+H;5H+1*";)00H8,5>"N,5M"B41;,2/,R1*";1//"CH8;5,)8B")+",C",5",B"01+1/>"2";)8B1XH18;1")C";1//"

5)";1//"2--+1-25,)8"M2B"I118"2"4),85")C",851+1B5")C")H+"-+)H46"S1"+1;185/>"B52+51*"-+)N,8-"Xf ,8"4H+1"-+241"B24<"2//)N,8-"

2"0)+1"b825H+2/c"189,+)80185"C)+"-+)N5M6""LM,B"N2B"*)81"I>",8,5,2//>"5+28BC1++,8-"5M1";1//B"-+)N,8-",8"=3%"01*,H0"5)"2"

0,U5H+1";)852,8,8-"eOf"B24"28*"5M18"-+2*H2//>",8;+12B,8-"5M1"B24";)8;185+25,)8",8"12;M"42BB2-16""LM1"BH44/1018525,)8"

N,5M"B24"8)5")8/>",8*H;1*"C2B51+"-+)N5M"P]);M"28*"EH++"15"2/6<"%OO#Q<"IH5"2/B)",8;+12B1*"5M1"2552;M0185")C";1//B"5)"-/2BB"

BH+C2;1B<"2B"2BB1BB1*",8"51B5"5HI1B"28*")8"0,;+)B;)41"B/,*1B"P]);M"28*"EH++"15"2/6<"%OO#Q6""E1B,*1B"5M1"-+1251+"I,)02BB"

9,B,I/1",8"I)5M"2BB2>B<"5M1"I,)C,/0"C)+01*",8"5HI1B";)852,8,8-"$OOf"B24")+"B24'=3%"0,U1B"N1+1"*18B1+"28*"*,CC,;H/5"5)"

*,B+H45"I>"9)+51U,8-"P]);M"28*"EH++"15"2/6<"%OO#Q6""S1"2+1"XH285,C>,8-"5M,B"I>";+>B52/"9,)/15"B52,8,8-"28*"

B41;5+)4M)5)015+>6"

"

L)"B5H*>"B425,2/!5104)+2/"I,)C,/0"*191/)40185"N1"2+1"

HB,8-"0,;+)B;)41"B/,*1B"C,U1*",8B,*1"eOO0d"[2+B"5M25"

+1;1,91"%O0d")C";H/5H+1"01*,26""LM1"[2+B"2+1"BM2F18"25"

$OO"+40"28*"5M1"I,)C,/0",B"C)+01*")8"5M1"B/,*1"

BH+C2;1B"25"5M1"2,+!01*,2",851+C2;16""E,)C,/0"

*191/)40185"28*"2+;M,51;5H+1"N1+1"C)H8*"5)"I1"-+125/>"

,8C/H18;1*"I>"01*,H0",616"=3%")+"-+241"B246"

=+1/,0,82+>"+1BH/5B"HB,8-"/,-M5"28*"/2B1+"B;288,8-"

0,;+)B;)4>",8*,;251"5M25"2--+1-251B"H4"5)"%Or0",8"

M1,-M5"N1+1")IB1+91*",8"=3%"NM1+12B",8"2"0,U5H+1")C"

B24"28*"=3%"PYOf"B24<"$Of"=3%Q"2--+1-251B")C"

$OOr0",8"M1,-M5"N1+1";)00)8/>"B1186""LM,B"0,-M5"I1"

+1/251*"5)"2"XH,;F1+"2--+1-25,)8")C";1//B"5M25"24412+B"5)"

);;H+",8"B246""SM15M1+",8"=3%")+"B24<"Xf"

;M2+2;51+,B5,;2//>"C)+0B"B02//"2--+1-251B"5M25"+152,8"

0)I,/,5>"28*"19185H2//>"01+-1"5)-15M1+6""S1")IB1+91*"

5M25"BH;M"2--+1-251B"2+1"+152,81*"1918"NM18"5M1"

1U5+2;1//H/2+"025+,U"2;;H0H/251B",8"/251+"

*191/)401852/"B52-1B6""LM1B1"*18B1+";1//"2--+1-251B"

;)8B,B5"02,8/>")C"/,91";1//B"28*"2+1"BH++)H8*1*"0)B5/>"

I>"*12*";1//B"N,5M,8"5M1"/2+-1"2--+1-251B"(Figure 1)6""

.5"5M1"BHIB5+251"BH+C2;1"/191/<"5M1+1",B"2"M,-M1+"

4+)4)+5,)8")C"/,91";1//B"25"5M1"41+,4M1+>")C"5M1"I,)C,/06"

"

.8)5M1+"*,B5,8;5,91"C125H+1")C"I,)C,/0"C)+025,)8",8"B24"

,B"NM25"24412+B"2B"bC/H,*";M2881/Bc"5M+)H-M)H5"5M1"

025+,U6""LM1>"0,-M5"CH8;5,)8",8",8;+12B,8-"1U;M28-1"

+251B")C"8H5+,185B"28*"5)U,;"I>!4+)*H;5B")C"0152I)/,B0<"

182I/,8-"I,)C,/0B"5)"*191/)4"2B"2"CH8;5,)82/"H8,56""

T8,5,2/",891B5,-25,)8B"+1912/"NM25"24412+B"5)";M2881/"

C)+025,)8",8"I,)C,/0B"C)+01*",8"0,;+)C/H,*,;"

;M20I1+B"28*")8"BH+C2;1B")C"0,;+)B;)41"B/,*1B"P]);M"

28*"EH++"15"2/6<"%OO#Q6"

"

VH+5M1+"B5H*,1B"N,//"HB1"5M1"C/H)+1B;18;1!52--1*"B5+2,8"

KdJeY6%"PJ1N028"15"2/6<"%OO&Q"5)"B5H*>"I,)C,/0"

2+;M,51;5H+1",8"*,CC1+185"5>41B")C"*19,;1B"28*"in planta6""

LM,B"B5+2,8"*,B4/2>B"2552;M0185"28*"0)5,/,5>")8"

BH+C2;1B"B,0,/2+"5)"N,/*!5>41"L101;H/26"

"

Influence of type I and type IV pili on biofilm morphology and integrity."
S1"M291"I118";)8*H;5,8-"B5H*,1B"5)",891B5,-251"M)N"5M1"5>41")C"4,/,"PT"28*"T_Q"2CC1;5"I,)C,/0"*191/)40185"28*"

B5+H;5H+16""@H5285";1//B"/2;F,8-"1,5M1+"5>41"T"PfimA)")+"5>41"T_"4,/,"PpilBQ"BM)N1*"+1*H;1*"I,)C,/0"C)+025,)8<";)8B,B5185"

N,5M"+1*H;1*"2*M1+18;1"5)"BH+C2;1B"20)8-"fimA-";1//Bv"4+)I2I/>"*H1"5)"5M1"/2;F")C"5M1"B5+)8-"28;M)+,8-";M2+2;51+"

;)8C1++1*"I>"5>41"T"4,/,"P31"d2"VH1851"15"2/6<"%OOW2v"%OOWIQ6""@H5285";1//B"*1C,;,185"C)+"I)5M"5>41"T"28*"T_"4,/,"PfimA<"

pilQQ"*,*"8)5"C)+0"2"I,)C,/0")8"5M1"-/2BB"BH+C2;1"Pd,"15"2/6<"%OOWQ<"28*"2B"2"+1BH/5"-181+2//>"+102,81*",8"2"4/28F5)8,;"

B52516""ZH+"+1BH/5B"BH--1B5"5M25"5M1"5>41")C"4,/,"2CC1;5B";1//";/HB51+,8-"28*"I,)C,/0"0)+4M)/)->6""S1"2+1"2/B)"B5H*>,8-"2"

;M10)B18B)+>"B>B510")C"Xf",89)/91*",8"0)5,/,5>"28*"I,)C,/0"C)+025,)8"PEH++"28*"]);M<"%OO#Q6""

Figure 1.  D1//"9,2I,/,5>"N,5M,8"I,)C,/0"C)+01*"I>"

Xylella fastidiosa6"D1//B"N1+1"B52,81*"N,5M":uLZ!Y"

P-+118Q"28*"4+)4,*,H0",)*,*1"P+1*Q<"1XH,92/185"5)"2"b/,91"

28*"*12*"2BB2>c"PE)H/)B"15"2/6<"$YYYQ6""LM1"C,-H+1"BM)NB"

2"4)+5,)8")C"2"025H+1"I,)C,/0"C)+01*"2C51+"W"*2>B",8"=3%"

01*,H06":02//";)042;5";1//H/2+"2--+1-251B";28"I1"B118"

10I1**1*",8"28*")H5B,*1"5M1"I,)C,/0"025+,U6""LM1">1//)N"

28*"02-1852"/,81B",8*,;251";+)BB!B1;5,)8B",8"5M1"q!4/281<"

BM)N8")8"5M1"I)55)0"28*"+,-M5"B,*1")C";1851+",02-16""

LM1"-+118"/,81B")8"I)+*1+",02-1B",8*,;251"5M1"4)B,5,)8")C"

5M1"4/281"BM)N8")8"5M1";1851+",02-16""ZI52,81*"N,5M"

;)8C);2/",02-,8-6
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Effect of DSF on motility and biofilm regulation."
LM1"1CC1;5")C"3,CCHB2I/1":,-82/"V2;5)+"P3:VQ"PJ1N028"15"2/6<"%OO\Q")8"Xf"5N,5;M,8-"0)5,/,5>",B"I1,8-"B5H*,1*"I>")H+"-+)H4",8"

;)//2I)+25,)8"N,5M":5191"d,8*)N"PAD<"E1+F1/1>Q6""=H+,C,1*"3:V"4+)*H;1*"I>"Xf N2B")I52,81*"C+)0"5M1"d,8*)N"/2I)+25)+>"

28*"+1!BHB418*1*",8"hOf"015M28)/6""LM1"3:V"BHB418B,)8"P244+)U,0251/>"$"H8,5kr/Q"N2B"HB1*"5)"BH44/10185";H/5H+1"01*,26""

LM1"1CC1;5")C"3:V")8"Xf"0)910185"M2B"I118")IB1+91*"HB,8-"5M+11"*,CC1+185"244+)2;M1B'"

"

(i) Agar plates diffusion assays:"2"e00!*,20151+"N1//"N2B"02*1",8"5M1";1851+")C"12;M"4/251"28*"C,//1*"N,5M"5M1"3:V"B)/H5,)8"

+1C1++1*"2I)91"P$O<"%O<"&O<"\O<"eO"28*"hOr/Q"(Figure 2)6"E2;51+,2/";)/)8,1B")C"Xf SL"28*"2"fimA"0H5285"P@18-"15"2/6<"%OOWQ"

N1+1"B4)551*"25"5N)"*,CC1+185"*,B528;1B"P#"28*"$e00Q"C+)0"5M1";1851+")C"5M1"4/251"

(Figure 2)6""

"

S1")IB1+91*"28"2IB18;1")C"41+,4M1+2/"C+,8-1",8"SL";)/)8,1B"B4)551*";/)B1B5"5)"5M1"3:V"

P#00"*,B528;1Q"28*"B41;,C,;2//>"5M1";)/)8>"1*-1"C2;,8-"5M1"3:V!;)852,8,8-"N1//6"

J)+02/";)/)8>"C+,8-1"N2B")IB1+91*")8"5M1"1*-1")C"5M1";)/)8>")44)B,51"5)"5M1";1851+"

P$e00Q6"

"

(ii) Microfluidic chambers: addition of DSF to culture media: 3H2/";M2881/1*"

0,;+)C/H,*,;";M20I1+B"P31"d2"VH1851"15"2/6<"%OOW2Q"N1+1"HB1*"5)"0,;+)B;)4,;2//>"

)IB1+91"5M1"*,+1;5"1CC1;5")C"3:V")8"5N,5;M,8-"0)9101856""LM1"C11*,8-"B>+,8-1B"N1+1"

,851+;M28-1*"191+>"$!%"*2>B<"5MHB"1U;M28-,8-"I15N118"C+1BM"28*"BH44/101851*"01*,26"

SM18191+"3:V"N2B",85+)*H;1*",8"5M1";M20I1+B<"5M1"5N,5;M,8-"0)910185"N2B"-+125/>"

+1*H;1*"2C51+"#!$%M6""S1")IB1+91")8/>"2"C1N";1//B"0)9,8-"BM)+5"*,B528;1B",8"5M1"

4+1B18;1")C"3:V6""D)85+)/";1//B",8"=3%"BH44/101851*"N,5M"015M28)/<"BM)N1*"8)+02/"

5N,5;M,8-"2;5,9,5>6"

"

iii) Twitching movement of DSF non-producing mutant:  ."0H5285"*1C,;,185",8"5M1"

4+)*H;5,)8")C"3:V"PrpfF!3TV%Q"N2B")I52,81*"C+)0"5M1"d,8*)N"/2I6""=+1/,0,82+>"

)IB1+925,)8B")8"B)/,*"01*,2"(Figure 3)"28*"

,8"0,;+)C/H*,;";M20I1+B"BM)N1*"5M25"5M1"

B411*")C"5N,5;M,8-"0)910185")C"5M1"rpfF"

0H5285",B"B/,-M5/>"M,-M1+"5M28"5M1"SL6""LM1"

B411*"N2B";2/;H/251*"2B"O6Y#r0k0,8"P2B"

;)042+1*"5)"5M1"+14)+51*"O6#hr0k0,8"C)+"

5M1"SL"B5+2,8Q"P31"d2"VH1851"15"2/6<"%OOWIQ6"

"

LM1";M2+2;51+,R25,)8")C"5M,B"0H5285",B"B5,//"

)8-),8-",8")H+"/2I)+25)+>6""Z5M1+"

)IB1+925,)8B",8*,;251"5M25"2--+1-25,)8")C"5M1"

rpfF!3TV%"0H5285",8";M20I1+B"+1B10I/1B"

5M1"4M18)5>41")C"0H5285B"+1*H;1*",8"I,)C,/0"

C)+025,)8<"BH;M"2B"fimA-"PB11"2I)91Q6""LM1B1"+1BH/5B"BH--1B5"5M25"5M1"4+1B18;1")C"3:V"+1*H;1B"0)910185",8"Xf6""S1"2+1"

;)85,8H,8-"5)",891B5,-251"5M1"1CC1;5")C"3:V")8"I,)C,/0"C)+025,)86"

"

Effect of chemical and environmental stresses on movement and biofilms."
=+19,)HB"B5H*,1B"N,5M")5M1+"0,;+))+-28,B0B"M291"BM)N8"5M1",04)+528;1")C"I,)C,/0",8",8;+12B,8-"+1B,B528;1"5)"*151+-185B<"

5)U,8B"28*"189,+)801852/"B5+1BB1B"/,F1"B2/,8,5><"2;,*,5>"28*"/)N"MH0,*,5>"Po29,1+"15"2/6<"%OOeQ6""LM1"4+)51;5,9181BB";)8C1++1*"

I>"5M1"I,)C,/0";28"I1"B5H*,1*"I>";)042+,8-";1//"9,2I,/,5>"I15N118"4/28F5)8,;";1//B"5)"5M)B1"N,5M,8"I,)C,/0B"2C51+"1U4)BH+1"5)"

5M1"B5+1BB1B6"

"

S1"M291"C)H8*"5M25"2";M1/25,8-"2-185<"BH;M"2B"73L."M2B"28"1CC1;5")8"SL"Xf";1//"0)9101856""SM18191+"73L."N2B"2**1*"5)"

5M1";1//B"P#<"h<"\<"28*"%"00Q"5M1>"B/)N/>"+1*H;1*"0)910185"28*"19185H2//>"B5)441*"5M1,+"*,B4/2;101856""J191+5M1/1BB<"5M1"

4+1B18;1")C"5M1";M1/25,8-"2-185"*,*"8)5"2CC1;5";1//"*,9,B,)8")+"-+)N5M6""S1"2+1"8)N",891B5,-25,8-"5M1"1CC1;5")C"73L.")8"Xf";1//"

2--+1-251B6""E2B1*")8"5M1"C2;5"5M25"0)910185"2CC1;5B"0)+4M)/)->")C";1//";/HB51+B<"N1"1U41;5"5)"B11"28"1CC1;5")C"73L.")8"

I,)C,/0"C)+025,)86"

"

REFERENCES CITED 

.8*1+B18<"=6"D6<"E6"_6"E+)*I1;F<":6"Z*18<".6":M+,81+<"28*"E6"d1,516"%OOW6""T8C/H18;1")C"U>/10"C/H,*";M10,B5+>")8"4/28F5)8,;"

-+)N5M<"I,)C,/0"C)+025,)8"28*"2--+1-25,)8")C"Xylella fastidiosa6"V7@:"@,;+)I,)/"d1556"%W\'%$O!%OW6"

.//1B18!])/0<"@6<"K6"EH8*9,-"E2+F18<"d6"u28-<"@6"K/2HB18<"m6":6"S1II<":6"K[1//1I1+-<":w+18"@)/,8<"@6"a,9BF)9<"28*"L6"

L)/F1+!J,1/B186""%OOh6"".";M2+2;51+,R25,)8")C"3J."+1/12B1",8"Pseudomonas aeruginosa ;H/5H+1B"28*"I,)C,/0B6"@)/6"

@,;+)I,)/6"eY'"$$$\n$$%#"

"
 

Figure 2.":;M1025,;")C"5M1"2-2+"

*,CCHB,)8"2BB2>B6""LM1";,+;/1",8"

5M1";1851+"+14+1B185B"5M1"N1//"

NM1+1"3:V")+"5M1";)85+)/"

B)/9185"N1+1"2**1*6""LM1"

B02//1+"+1*";,+;/1B",8*,;251"

NM1+1"I2;51+,2/";)/)8,1B"N1+1"

B4)551*6""LM1"I/H1"R)81B"

+14+1B185"5M1"C+,8-1B")IB1+91*"

25"5M1")H51+"B,*1")C"5M1";)/)8,1B"

B4)551*"25"$e"00"C+)0";1851+6"

 

Figure 36"D)/)8>"C+,8-1")C"SL"28*"0H5285"rpfF!3TV%"*1C,;,185",8"3:V"4+)*H;5,)86"



!"Yh"!" "

E)H/)B<"d6<"@6"=+x9)B5<"m6"E2+I12H<"m6"D)2//,1+<"28*"(6"31B[2+*,8B6"$YYY6""dT_7k37.3"E2;d,-M5"'"244/,;25,)8")C"2"81N"+24,*"

B52,8,8-"015M)*"C)+"*,+1;5"18H01+25,)8")C"9,2I/1"28*"5)52/"I2;51+,2",8"*+,8F,8-"N251+6""m"@,;+)I,)/"@15M)*B6"&W'"WW!#h6"

EH++<"L6"m6"28*"]6"D6"]);M6"%OOh6""LM1"+)/1B"5M25"*,CC1+185"4,/,";/2BB1B",8"Xylella fastidiosa 4/2>",8";)/)8,R25,)8")C"-+2419,81B"

28*"=,1+;1^B"*,B12B1"425M)-181B,B6""%OOh"=,1+;1^B"3,B12B1"(1B12+;M":>04)B,H0<"J)910I1+"%W!%Y6""4"$%\!$%h6"

EH++<"L6"m6"28*"]6"D6"]);M6"%OO#6""7U4/),5,8-"2";M10)B18B)+>"B,-82/"5+28B*H;5,)8"B>B510"5M25";)85+)/B"5N,5;M,8-"0)5,/,5>"28*"

9,+H/18;1",8"Xylella fastidiosa6""%OO#"=,1+;1^B"3,B12B1"(1B12+;M":>04)B,H0<"31;10I1+"$e!$W6"

DM2551+[11<":6<"K6"d"J1N028<"28*":6"7"d,8*)N6"%OO#6""D1//!5)!;1//"B,-82/,8-",8"Xylella fastidiosa"BH44+1BB1B"0)910185"28*"

U>/10"91BB1/";)/)8,R25,)8",8"-+2416""@)/"=/285"@,;+)I1"T851+2;56"%$'"$&OY!$&$e6"

31"d2"VH1851<"d6<"76"@)85281<"u6"@18-<"u6"d,<"L6"m6"EH++<"]6D6"]);M<"28*"@6"SH6""%OOW26"".BB1BB,8-"2*M1B,)8"C)+;1B")C"5>41"

T"28*"5>41"T_"4,/,")C"Xylella fastidiosa I2;51+,2"HB,8-"2"0,;+)C/H,*,;"C/)N";M20I1+6  .44/"789,+)8"@,;+)I,)/6 W&'"%hYOn

%hYh6"

31"d2"VH1851<"d6<"L6"m6"EH++<"28*"]6"D6"]);M6""%OOWI6""@H525,)8B",8"5>41"T"28*"5>41"T_"4,/HB"I,)B>85M15,;"-181B"2CC1;5"

5N,5;M,8-"0)5,/,5>"+251B",8"Xylella fastidiosa6""m6"E2;51+,)/6"$#Y'"WeOWnWe$O6"

*1":)HR2<".6".6<"@6".6"L2F,52<"]6"36"D)/1552!V,/M)<"D6"D2/*282<"a6"]6"a)/*028<"a6"@6"u282,<"J6"]6"@H5)<"(6"D6"*1"Z/,91,+2<"

d6"(6"JH81B<"28*"@6".6"@2;M2*)6"%OO&6"".82/>B,B")C"-181"1U4+1BB,)8",8"5N)"-+)N5M"B5251B")C"Xylella fastidiosa 28*",5B"

+1/25,)8BM,4"N,5M"425M)-18,;,5>6""@)/"=/285"@,;+)I1"T851+2;56"$h'"#hW!#We6"

a2/928,<"D6"36"<"u6"d,<"L6"m6"EH++<"28*"]6"D6"]);M6""%OOW6""LN,5;M,8-"0)5,/,5>"20)8-"425M)-18,;"Xylella fastidiosa",B)/251B"

28*"5M1",8C/H18;1")C"I)9,81"B1+H0"2/IH0,8")8"5N,5;M,8-!*1418*185";)/)8>"C+,8-1"0)+4M)/)->6""V7@:"@,;+)I,)/6"d1556"

%h#'"%O%!%O#6"

]20,/5)8<"]6"d6<"J6"@6"3)0,8-H1R<"K6"m6":;MN2+5R<"K6"L6"]2;F155<"28*"3,//2+*<"m6"=6"%OOe.  Neisseria gonorrhoeae"B1;+151B"

;M+)0)B)02/"3J."9,2"2"8)91/"5>41"T_"B1;+15,)8"B>B5106""@)/6"@,;+)I,)/6"ee'"$WO\!$W%$6"

]);M<"D6"]6"28*"L6"m6"EH++6"%OO#6""A8*1+B528*,8-";)85+)/")C"Xylella fastidiosa";1//"2--+1-25,)8'",04)+528;1",8";)/)8,R25,)8"

28*"I,)C,/0"*191/)40185",8"-+2419,81"28*"BM2+4BM))51+"C)+1-H56""%OO#"=,1+;1^B"3,B12B1"(1B12+;M":>04)B,H0<"31;10I1+"

$e!$W6"

K),*1<"L6<"=6".6"q2,8,<"d6"@6"@)+1,+2<"(6"q6"_18;,)<".6"u6"@25BHFH02<".6"@6"3H+M20<"36"D6"L1,U1,+2<"]6"7/!3)++><"=6"E6"

@)851,+)<".6"D6"*2":,/92<":6"_1+[)9BF,!./01,*2<".6"@6"*2":,/92<"28*":6"d6"a)01B6"%OO\6""3J."0,;+)2++2>!I2B1*"

-18)01";)042+,B)8")C"2"425M)-18,;"28*"2"8)8425M)-18,;"B5+2,8")C"Xylella fastidiosa *1/,81251B"-181B",04)+5285"C)+"

I2;51+,2/"9,+H/18;16"m6"E2;51+,)/6"$#h'"e\\%!e\\Y6"

d,<"u6<""a6"]2)<"D6"36"a2/928,<"u6"@18-<"d6"31"d2"VH1851<"]6"D6"]);M<"28*"L6"m6"EH++6"%OOW6""L>41"T"28*"5>41"T_"4,/,")C"

Xylella fastidiosa"2CC1;5"5N,5;M,8-"0)5,/,5><"I,)C,/0"C)+025,)8<"28*";1//!;1//"2--+1-25,)86"@,;+)I,)/)->"e&'"W$Y!W%h6"

@18-<"u6<"u6"d,<"D6"36"a2/928,<"a6"]2)<"m6"J6"LH+81+<"L6"m6"EH++<"28*"]6"D6"]);M6"%OOe6""A4B5+120"0,-+25,)8")C"Xylella 

fastidiosa"9,2"4,/HB!*+,918"5N,5;M,8-"0)5,/,5>6"m6"E2;51+,)/6"$#W'"eehO!eehW6"

J1N028<"K6"d6<"(6"=6"=6"./10,*2<".6"]6"=H+;1//<"28*":6"76"d,8*)N6"%OO&6""AB1")C"2"a+118"V/H)+1B;185":5+2,8"C)+".82/>B,B")C"

Xylella fastidiosa"D)/)8,R25,)8")C"Vitis vinifera.".44/"789,+)8"@,;+)I,)/6"hY'W&$YnW&%W6""

J1N028<"K6"d6<"(6"=6"=6"./10,*2<".6"]6"=H+;1//<"28*":6"76"d,8*)N6"%OO\6""D1//!;1//"B,-82/,8-";)85+)/B"Xylella fastidiosa"

,851+2;5,)8B"N,5M"I)5M",8B1;5B"28*"4/285B6""=J.:"$O$'$W&W!$W\%6"

:,0,)825)<".6"_6"D6<"36":6"*2":,/92<"@6"(6"d20I2,B<"28*"76"D2++,/M)6"%OOW6""DM2+2;51+,R25,)8")C"2"4H525,91"Xylella fastidiosa 

*,CCHB,I/1"B,-82/"C2;5)+"I>"](aD!7T!@:6"m"@2BB":41;5+)06"\%'"$&We!$&#$6"

o29,1+<"m6"E6<"D6"=,;,)+128H<":6".6"(28,<"@6"928"d))B*+1;M5<"28*"=6":6":51N2+56"%OOe6""E,)C,/0!;)85+)/"B5+251-,1B"I2B1*")8"

18R>0,;"*,B+H45,)8")C"5M1"1U5+2;1//H/2+"4)/>01+,;"BHIB528;1"025+,U!2"0)*1/,8-"B5H*>6""@,;+)I,)/)->"$e$'"&#$W!&#&%6"

 

FUNDING AGENCIES 

VH8*,8-"C)+"5M,B"4+)[1;5"N2B"4+)9,*1*"I>"5M1"A8,91+B,5>")C"D2/,C)+8,2"=,1+;1yB"3,B12B1"a+285"=+)-+206"

"


